Abstract-Body distribution and maternal transfer of 18 trace elements (V, Cr, Mn, Co, Cu, Zn, Se, Rb, Sr, Mo, Ag, Cd, Sb, Cs, Ba, Hg, Tl, and Pb) to eggs were examined in black-tailed gulls (Larus crassirostris), which were culled in Rishiri Island, Hokkaido Prefecture, Japan. Manganese, Cu, Rb, Mo, and Cd showed the highest levels in liver and kidney, Ag, Sb, and Hg in feather, and V, Sr, and Pb in bone. Maternal transfer rates of trace elements ranged from 0.8% (Cd) to as much as 65% (Tl) of maternal body burden. Large amounts of Sr, Ba, and Tl were transferred to the eggs, though maternal transfer rates of V, Cd, Hg, and Pb were substantially low. It also was observed that Rb, Sr, Cd, Cs, and Ba hardly were excreted into feathers. Concentrations of Co in liver, Ba in liver and kidney, and Mo in liver increased significantly with age, whereas Se in bone and kidney, Hg in kidney, and Cr in feather decreased with age in the known-aged black-tailed gulls (2-20 years old). It also was suggested that feathers might be useful to estimate contamination status of trace elements in birds, especially for Hg on a population basis, although the utility is limited on an individual basis for the black-tailed gulls. To our knowledge, this is the first report on the maternal transfer rate of multielements and also on the usefulness of feathers to estimate contamination status of Hg in birds on a population basis.
INTRODUCTION
It is well known that human activities greatly have increased the fluxes of various trace elements to the environment [1] . Global anthropogenic emissions are larger than or comparable to natural emissions for Cd, Cu, Hg, Mo, Ni, Pb, Sb, V, and Zn [2] . Hence, possible adverse effects of trace elements on wildlife are of great concern. Birds can be effective as bioindicators of trace element contamination because they integrate the exposure over time and space [3, 4] . Thus, the cost-effective monitoring scheme of using birds has been employed over many years [3] .
Although the accumulation of Hg, Cu, Zn, and Cd has been characterized extensively for seabirds (reviewed by Thompson [5] ), only a few studies have dealt with the other trace elements [6] [7] [8] [9] [10] . Also, because it is impossible or difficult to age adult birds by appearance or morphology, a detailed understanding of the age-related accumulation of trace elements still is lacking. Furthermore, little information is available concerning maternal transfer of multielements to eggs in seabirds. It has been suggested that eggshells [11] and egg contents [12, 13] are important for excretion of some trace elements in birds. Unlike the mammalian fetus developing in utero, the avian embryo develops in ovo and all of the trace elements are deposited into the egg at the time of its formation [14] . Hence, eggshells and egg contents may be suitable to assess burdens of trace elements in mother birds during the period of egg development [15] . However, little attention has been given to questions such as which trace elements and how much of these elements is excreted into eggs. Therefore, trace element accumulation in eggs should be characterized to find out the suitability of eggs as an indicator of trace element levels in the mother birds and/or of status of trace element contamination in the environment.
Nonlethal contaminants monitoring using feathers of birds (e.g., [16] ) and hairs and skin of marine mammals (e.g., [17] [18] [19] ) has attracted increased attention. Burger [3] suggests that feathers may be useful for evaluating metal levels in internal tissues of birds. However, the relationship between trace element concentrations in feather and internal tissues of birds has been characterized poorly. Thus, further information is necessary on the use of feathers as an indicator of trace element level in the internal tissues of birds.
In the present study, body distribution and transfer of trace elements to the eggs and feathers were determined for blacktailed gulls, which were culled as vermin at a breeding colony in Rishiri Island, northern Japan. Also, age-related change in levels of trace elements in tissues was examined using 10 black-tailed gulls of known ages (2-20 years old), which had been ringed as chicks. Furthermore, relationships between trace element levels in feathers and internal tissues were determined using the data on the black-tailed gulls in the present study and also the data in literature to evaluate the utility of feathers for trace element monitoring of birds.
MATERIALS AND METHODS

Samples
A total of 54 black-tailed gulls (Larus crassirostris) were collected at a breeding colony in Rishiri Island (45Њ10ЈN,
Trace element analysis
Eggshells and feathers of the black-tailed gulls were cleaned ultrasonically with 3% polyoxyethylene lauryl ether for 40 min, with distilled water for 30 min (two times), and with Milli-Q water (Millipore, Tokyo, Japan) for 30 min to remove exogenous contaminants. After the sonication, these samples were rinsed with Milli-Q water. Marrow was removed from bone. Samples were dried for 12 h at 80ЊC and used for trace element analysis. Moisture content averaged 60.4% in muscle, 66.9% in liver, 71.7% in kidney, and 25.9% in bone for the black-tailed gulls. Concentrations of trace elements were determined using the procedure described previously by Anan et al. [21] . Briefly, 0.1 g of the sample was digested in 1.5 ml of concentrated HNO 3 in a Teflon polytetrafluoroethylene tube in a microwave oven. The levels of 16 trace elements (V, Cr, Mn, Co, Cu, Zn, Rb, Sr, Mo, Ag, Cd, Sb, Cs, Ba, Tl, and Pb) were measured with an inductively coupled plasma-mass spectrometer (HP-4500; Hewlett-Packard, Avondale, PA, USA). Yttrium was used as the internal standard. Concentrations of Se and Hg were determined with a hydride generation atomic absorption spectrometer (HVG-1 hydride system; Shimadzu, Kyoto, Japan) and a cold-vapor atomic absorption spectrometer (Model HG-3000; Sanso, Tsukuba, Japan), respectively. All data were expressed on a dry weight basis (g/g dry wt). To guarantee the accuracy and precision of the methods, standard reference materials DORM2 Dogfish Muscle (National Research Council Canada, Ottawa, ON, Canada), NIES 13 Human Hair (National Institute for Environmental Studies, Tsukuba, Japan) and SRM1577b Bovine Liver (National Institute of Standards and Technology, Gaithersburg, MD, USA) were used. Recoveries of the elements ranged from 88.8 to 104%.
Statistical analyses
When two-thirds of the observations were above the limit of detection, half of the respective limit of detection was substituted for those values below the limit of detection to calculate the mean. Also, when less than half of the observations were below the limit of detection, one-half value of the respective limit of detection was substituted for the following statistical analyses. Data were tested for goodness-of-fit to a normal distribution using chi-square test. Concentrations of some trace elements did not follow a normal distribution pattern and, hence, nonparametric tests were used to compare different groups in the present study. Mann-Whitney's U-test was employed to detect gender and age (adult vs. juvenile) differences of trace element concentrations. Spearman's rank correlation coefficient was used to measure the strength of the association between tissues. For relationships between trace element concentrations in feather and internal tissues and between age and concentrations in tissues, regression analysis, which is a parametric test, was used to obtain a regression equation that was useful for environmental monitoring. A pvalue of less than 0.05 was considered to indicate statistical significance. These analyses were done with programs STAT-CEL (OMS Publishing, Tokorozawa, Japan) and SRISTAT (Social Survey Research Information, Tokyo, Japan).
RESULTS AND DISCUSSION
Tissue distribution of trace elements in black-tailed gulls
Concentrations of trace elements were determined for 18 tissues of two males and three females of black-tailed gull. Because the sample size was small, the data were pooled and shown in Table 1 . Concentration of V was highest in bone among the tissues examined; Cr in muscle, lung, and eyeball; Mn in liver and kidney; Co in bone, kidney, liver, and heart; Cu in kidney and liver; Zn in stomach, pancreas, and kidney; Se in kidney; Rb in kidney, liver, and muscle; Sr in bone; Mo in kidney and liver; Ag in gallbladder, brain, and kidney; Cd in kidney; Sb in eyeball and feather; Ba in bone and salt gland; Hg in feather; and Pb in bone. Levels of Cs and Tl were relatively similar among the tissues. Similar pattern with that of the black-tailed gulls was reported for V, Mn, Co, Cu, Se, Rb, Sr, Cd, and Cs in white-chinned petrels, black-browed albatrosses and gray-headed albatrosses [6] . However, Zn level was not high in stomach; Ag showed the highest value in fat and liver as well as brain, and Pb level was highest in feather for white-chinned petrels, black-browed albatrosses, and grayheaded albatrosses [6] . It should be noted that levels of V, Mn, Co, Zn, Sr, Ba, and Pb were relatively high in bone, compared with those of other tissues in the black-tailed gulls ( Table 1 ). The accumulation of these elements in bone most likely was because the cations, such as Zn 2ϩ and Mn
2ϩ
, and anions, such as , tend to replace Ca 2ϩ and , respectively, in gulls. Similar portion of Tl burden was observed in bone, feather, and muscle. The distribution pattern of V, Mn, Co, Cu, Zn, Rb, Sr, Cd, and Cs in the black-tailed gulls was consistent with those of white-chinned petrels, black-browed albatrosses, and gray-headed albatrosses [6] . However, muscle showed the highest percentage of Se burden (ϳ30%) and also Ag was accumulated preferentially in liver and fat (ϳ75%) of whitechinned petrels, black-browed albatrosses, and gray-headed albatrosses [6] . These differences might be attributed to the levels of Se and Ag in these seabirds. For example, whitechinned petrels, black-browed albatrosses, and gray-headed albatrosses showed relatively high Ag level in any tissue (e.g., mean Ag level in liver: 0.019 g/g dry wt in the black-tailed gull (Table 1) vs. 0.102 g/g dry wt in the white-chinned petrel, black-browed albatross, and gray-headed albatross [6] . Also, contrary to the result of Pb in the black-tailed gulls ( Fig. 1) , feathers showed the highest percentage of Pb burden (ϳ40%) in white-chinned petrels, black-browed albatrosses, and grayheaded albatrosses [6] . This would be due to the fact that Pb was concentrated in bone of the black-tailed gulls: The Pb concentration (g/g dry wt) was 1.50 in bone, 0.754 in feather, 0.011 in muscle, 0.022 in liver, and 0.146 in kidney for the black-tailed gulls (Table 1) , and 0.148 in bone, 0.426 in feather, 0.037 in muscle, 0.119 in liver, and 0.135 in kidney for the white-chinned petrel, black-browed albatross, and gray-headed albatross [6] . Distribution in feathers varied between trace elements in the black-tailed gulls and decreased in the order: Hg Ͼ Sb Ͼ Ag Ͼ Pb Ͼ Cu, Tl Ͼ V, Cr, Zn, Se, Mo Ͼ Mn, Co, Ba Ͼ Rb, Sr, Cd, Cs (Fig. 1) . In eastern great white egrets from Korea, the sequence was reported to be Hg Ͼ Pb Ͼ Mn Ͼ Cu Ͼ Cd Ͼ Zn [23] . The percentage of Mn (ϳ50%) and Cd (ϳ30%) burden in feathers was high in eastern great white egrets, whereas the percentage was very low for Mn (4.1%) and Cd (0.8%) of the black-tailed gulls. It is noteworthy that, although feathers account for only 14% of the body mass, distribution of Hg (82%), Sb (71%), Ag (47%), and Pb (32%) in feathers was considerably large in the black-tailed gulls (Fig. 1) . Hence, feathers would be the important excretory pathway for Hg, Sb, Ag, and Pb in the black-tailed gulls. According to the review of Burger [3] , large distribution in feathers has been observed for Hg (60-90%) and Pb (40-60%) in adult birds. However, to our knowledge, large distribution of Ag and Sb in feathers has not been reported for seabirds. These elements (Hg, Sb, Ag, and Pb) are classified as class B metals or borderline metals with strong B-class character [24] and, therefore, show strong affinity for the sulfhydryl (SH) group of the keratin, leading to the high accumulation in feathers. Generally, 35 to 50% of Mn and less than 30% of Cd, Cu, and Zn is in feathers of birds [3] , which is consistent with the results of the present study (Fig. 1) .
Transfer of trace elements to eggs and feathers
Maternal transfer of trace elements into eggs would have significance in the dynamics of trace elements for a mother bird. For the three female black-tailed gulls, trace elements, therefore, were analyzed also for their egg contents and eggshells, and transfer rate of trace elements to eggs and feathers were calculated (Fig. 2) . In the present study, maternal transfer rate is defined as the percentage of a trace element burden in eggs to the whole body burden (internal tissues, feathers, and eggs) of their mother bird. Transfer rate to eggs of Tl (65%), Sr (60%), Ba (50%), Co (30%), and Se (29%) was higher than the percentage of egg mass (27%). Mercury (79%), Sb (62%), Ag (38%), Pb (23%), Cu (19%), and V (14%) showed higher transfer rate to feathers than the percentage of feather mass (11%).
According to Burger [11] , eggshells are important for excretion of some trace elements in birds. Hence, 10 samples of egg content and 15 samples of eggshell were analyzed further and the concentrations of trace elements were compared between egg contents and eggshells of the black-tailed gulls (Table 2). Concentration ratio of eggshell/egg content was high for Co (17.2), Sr (77.5), Ba (8.3), Tl (1.9), and Pb (2.7), whereas V (0.27), Cr (0.51), Cu (0.13), Zn (0.01), Se (0.13), Rb (0.04), Mo (0.11), and Hg (Hg was not detected in eggshell) showed low ratio. Level of Mn in eggshells was similar to that of egg contents (0.62), and the levels of Ag, Cd, and Sb were very low in both eggshell and egg content ( Table 2 ). Similar tendency was reported for Mn, Cu, Zn, Se, Sr, Ba, and Pb in eggs of passerine birds from Arizona, USA [25] and Cr, Co, Cu, Zn, Rb, Sr, Ag, Cd, Sb, Hg, Tl, and Pb in eggs of little egrets and black-crowned night herons from Hong Kong [26] . However, remarkable differences also were observed between the species. High eggshell/egg content ratio was reported for V in eggs of passerine birds from Arizona (20.8 for yellowbreasted chats and 19.2 for willow flycatchers; [25] ) and in eggs of little egrets from Hong Kong (3.6; [26] ). Levels of Cu were relatively similar between eggshell and egg content of yellow-breasted chats (1.9) and willow flycatchers (1.2) [25] . Comparable levels of Mn were observed in eggshells and egg contents of black-crowned night herons (0.60), whereas little egrets showed higher Mn level in eggshells than in egg contents (2.8) in Hong Kong [26] . Also, high eggshell/egg content ratio of Se was reported for black-crowned night herons (2.5) and little egrets (2.3) from Hong Kong [26] .
Distribution of trace elements in eggshells and egg contents was examined to assess their contribution to the excretion of trace elements from the mother black-tailed gull. Distribution in the eggshells (on a wet wt basis) decreased in the order Sr (94%), Ba (76%), Co (51%), Pb (31%), Se (23%), Sb (22%), Tl (22%), Cr (9%), Mn (8%), Ag (7%), Cd (6%), V (4%), Mo (4%), Cu (3%), Rb (1%), Zn (0.2%), Cs (0%), and Hg (0%). Because the eggshell accounts for 8.3% of the egg by weight, it may be stated that Sr, Ba, Co, Pb, Se, Sb, and Tl tend to be transferred more to eggshells than to egg contents in the blacktailed gulls. Until now, information on maternal transfer rate of trace elements to eggshells has been limited for birds. In the mother black-tailed gull, the elements with higher transfer rate to eggshell than its weight percentage in mother birds (2.3%) include Sr (57%), Ba (38%), Co (15%), Tl (14%), Se (6.7%), and Sb (2.5%), indicating that eggshell would be a significant excretory pathway for these elements in the blacktailed gulls.
Trace elements showing higher transfer rate to feathers and eggs than their weight percentage in mother black-tailed gulls (weight percentage of feathers and eggs was 38%) were Hg (85%), Tl (76%), Sb (73%), Ag (63%), Sr (60%), Ba (51%), and Se (40%) (Fig. 2) . These results indicate that these elements can transfer easily from mother bird to feathers and eggs: Hg, Sb, and Ag can transfer mainly to feathers and Tl, Sr, Ba, and Se primarily to eggs (especially to eggshells for Sr and Ba). It should be noted that Cd and Pb hardly were transferred to eggs of the black-tailed gulls (Fig. 2) . It has been reported that Cd transfer from mother bird to eggs is restricted [27] . Hui et al. [7] also reported very low concen-T. Agusa et al. trations of Cd and Pb in eggs of the lesser snow geese. Furthermore, transfer rate of Cd to feathers was very low in the black-tailed gulls (Fig. 2) . These results indicate that very little Cd is transferred from mother bird to eggs and feathers, and almost all the Cd is retained in the body of the black-tailed gulls (for both males and females). More work needs to be done with other avian species to better understand the transfer of trace elements to feathers and eggs.
Effect of growth stage on accumulation of trace elements
Concentrations of trace elements in muscle, liver, kidney, bone, and feather of 40 adult black-tailed gulls and 14 juveniles are shown in Table 2 . Remarkable gender differences were not observed for all the trace elements except for Ba, so data were pooled for further analyses. For Ba, the concentration was higher in muscle (p Ͻ 0.001), liver (p Ͻ 0.001), kidney (p Ͻ 0.01), and bone (p Ͻ 0.01) of female adult birds than those of male adult birds. Concentrations of trace elements in tissues were significantly different between adult and juvenile birds ( Table 2) . Levels of V, Mn, Co, Cu, Zn, Mo, Ag, Cd, Ba, and Pb were higher in two or three soft tissues of adult birds, whereas Se and Hg showed higher concentrations in two or three soft tissues of juvenile birds. Age-dependent variation of trace elements in tissues of the black-tailed gulls also is discussed in the following section.
Age-dependent accumulation of trace elements in tissues
Age could be determined for 10 black-tailed gulls that had been ringed as chicks. Hence, relationship between age and levels of trace elements in tissues were examined for these known-aged black-tailed gulls (2-20 years old). Concentrations of Co in liver (p ϭ 0.012), Ba in liver (p ϭ 0.024) and kidney (p ϭ 0.005), and Mo in liver (p ϭ 0.010) increased significantly with age, whereas Se in bone (p ϭ 0.013) and kidney (p ϭ 0.042), Hg in kidney (p ϭ 0.011), and Cr in feather (p ϭ 0.006) decreased with age (Fig. 3) . Similarly, known-aged adult great skuas exhibited the age-dependent decrease in Hg level in liver [28] , and the level of Se in feather, kidney, liver, and muscle decreased with age for known-aged laughing gulls from New York, USA [29] . However, conflicting results have been obtained for the age-dependent accumulation of trace elements in tissues of seabirds. Contrary to the results of the black-tailed gulls, age-dependent increases in Se, Hg, and Cr levels were reported for other seabirds. Significant age-related increases in concentrations were observed for Hg in liver, and Se in kidney and liver of knownaged great skuas [30] , Cr in liver of known-aged laughing gulls [29] , and Se and Cr in feathers of known-aged common terns from Massachusetts, USA [31] . According to the review of Walsh [32] , in general, levels of Cd as well as Hg may increase with age in tissues of seabirds due to their long biological half-life, although the opposite trend was found for Hg in kidney (Fig. 3) , and apparent age-dependent variation of Cd was not observed for the black-tailed gulls. Age-dependent increase in Cd was reported for kidney and liver of known-aged great skuas [30] ; feather, liver, and muscle of known-aged laughing gulls from New York (although Cd level in kidney decreased with age) [29] ; and kidney and muscle of known-aged great skuas [33] . The age-dependent decrease in Hg and Cd levels of the black-tailed gulls might reflect their low dietary exposure to Hg and Cd. Similar to the results of the present study, age-dependent increase was not observed for Cd in muscle, liver, kidney, and bone of known-aged herring gulls [33] and for Hg in muscle, liver, kidney, and bone of known-aged great skuas and herring gulls [33] . For Mn, the level in feather and kidney decreased with age for known-aged laughing gulls from New York [29] , whereas the significant age-related increase in concentration of Mn in feathers was observed for known-aged common terns from Massachusetts, USA [31] . However, age-related change in Mn concentration was not observed in tissues of the black-tailed gulls in the present study. At present, little information is available on the relationship between age and accumulation of trace elements in seabirds because of the difficulty in their age determination. Thus, these data would provide valuable information for understanding of the age-dependent accumulation of trace elements in tissues of seabirds.
Relationships of trace element levels among tissues
Relationships of trace element concentrations between muscle, liver, kidney, bone, and feather were determined in 54 black-tailed gulls (Table 3) . For all the elements examined, significant positive correlations were observed between liver and kidney. Interestingly, almost all the intertissue relationships were significant statistically and positively for Cd and Hg in the black-tailed gulls (Table 3) , which was consistent with the observation in pinnipeds [19] . A likely explanation for this is that Cd and Hg, which are nonessential elements, are not controlled by homeostatic mechanisms in these tissues of the animals. Similar intertissue relationships, as in the present study, have been reported in other studies: Positive correlations for Pb in bone-kidney of bald and golden eagles from Canada [34] ; for Cr in liver-kidney and Zn in kidney-bone of great tits from Spain [35] ; for Pb in liver-kidney of rock buntings from Spain [35] ; for Hg in kidney-liver and liver-muscle of herring gulls and great skuas, and kidney-muscle and livermuscle of great skuas [33] ; and for Cd in liver-kidney, livermuscle, and kidney-muscle, Hg in liver-kidney, liver-muscle, and kidney-muscle, and Se in liver-kidney of common guillemots from the northern coast of Brittany [36] .
To use feathers for nonlethal monitoring of environmental contamination by trace elements, it is necessary to understand the relationship between trace element levels in feathers and internal tissues of seabirds. Significant positive relationships were observed based on the Spearman's rank correlation coefficients in the black-tailed gulls (Table 3) : Cu, Zn, and Hg between feather and muscle; Cr, Co, Cd, and Hg between feather and liver; Co, Hg, and Tl between feather and kidney; and Mo, Ag, and Cd between feather and bone. Significant negative correlations were found for Ba between feather and muscle; Cu, Ba, and Pb between feather and liver; Cu and Ba between feather and kidney; and Ba between feather and bone (Table 3) .
Regression analysis also was conducted to examine whether the levels of trace elements in feathers reflect the levels in internal tissues in the black-tailed gulls. Significant positive correlations with feather were observed for V in kidney, Co in liver and kidney, Cu in muscle, Cd in bone, Hg in muscle, liver, and kidney, and Tl in kidney, whereas Cu in liver showed a negative correlation with that in feather, as follows: 
The representative relationships are shown in Figure 4 . Similar positive relationships of concentrations in feather with those in internal tissues were reported for Hg and Se in liver of waders from the Dutch Wadden Sea [37] ; Cd in muscle of common guillemots from the northern coast of Brittany [36] ; Hg in liver, kidney, and muscle of adult great skuas [28] ; Hg in liver and kidney of great skuas [30] ; Hg in kidney of herring gulls and liver and muscle of great skuas [33] ; Hg in kidney of oystercatchers [33] ; and Hg in liver of herons and cormorants from Clear Lake (CA, USA) [38] . However, all these correlations obtained in the present study were weak, as in Equations 1-10, and the levels in the feathers accounted for up to 32% (Tl in kidney) of the variation in the internal tissues. This result indicates the restricted use of feather as a tool for the estimation of contamination status of trace elements in tissues of the black-tailed gulls on an individual basis.
Relationships of trace element concentrations in feather to those in internal tissues on a population basis
Regression analysis was conducted using the mean concentrations of Cr, Mn, Cu, Zn, Se, Cd, Pb, and Hg in feather and internal tissues (muscle, liver, kidney, and bone) of various avian species in the present study and other studies. Wet weight concentrations reported in other studies are converted to that on a dry weight basis, assuming that the moisture content was These positive correlations suggest the possibility of using feathers for monitoring these trace elements in internal tissues. Among these, feather concentration was correlated most highly with Hg in muscle and kidney, and these relationships are shown in Figure 5 . Even when the highest concentration plot in the relationship between Hg levels in muscle and feather (feather 39.7 g/g dry wt, muscle 15.1 g/g dry wt; Fig. 5 ) These results suggest the potential of feathers as an indicator of contamination status for these trace elements, especially for
Hg on a population basis. A similar conclusion has been drawn for pinnipeds by Ikemoto et al. [19] who found close correlations between the Hg levels in hair, and liver, kidney, and muscle of pinnipeds on a population basis. The closer correlation between feathers and internal tissue for Hg than those for other trace elements might be due to the fact that influence of external contamination on the trace elemental level in feathers is small for Hg compared to those of other trace elements. It has been suggested that trace elements may be deposited onto the surface of feathers in quantities that mask patterns due to incorporation of dietary or stored trace elements into feathers during molt [13] . However, according to the study of Dauwe et al. [42] , the Hg level in feathers reflects the level in the blood during the feather growth, whereas external contamination may affect the levels of Ag, Cd, Cr, Co, Mn, Pb, and Zn in the feathers.
It should be noted that correlation for Hg levels between liver and feather was weak in comparison to those of kidneyfeather and muscle-feather as mentioned above. A possible explanation for the difference is that Hg mainly accumulates as methyl-Hg in feather and muscle of birds [13] , whereas the majority of Hg is present as inert HgSe or Hg(Se, S) [43] [44] [45] , and the ratio of methyl-Hg to total Hg is very low [46, 47] in liver, especially for specimens with high Hg levels. Hence, the methyl-Hg in the feather might be derived mainly from the muscle of seabirds.
CONCLUSION
The present study revealed body distribution, maternal transfer to the eggs, and age-dependent accumulation of trace elements in tissues of black-tailed gulls. Vanadium, Mn, Co, Zn, Se, Sr, Ba, and Pb mainly were distributed in bone; Cr, Cu, Rb, and Cs in muscle; Cd in kidney; Ag, Sb, and Hg in feather; and Mo in liver for the black-tailed gulls. The feather was the significant excretory pathway for Hg, Sb, and Ag, whereas Tl, Sr, Ba, and Se easily can transfer to eggs (especially to eggshell for Sr and Ba) in the black-tailed gulls. Transfer of Cd to eggs and feathers was very limited, suggesting that almost all the Cd was retained in the body of the black-tailed gulls. In the 10 known-aged black-tailed gulls (2-20 years old), age-dependent increase in concentrations was observed for Co in liver, Ba in liver and kidney, and Mo in liver, whereas the opposite trend was found for Se in bone and kidney, Hg in kidney, and Cr in feather. When the data in the present study and other studies were combined and used for regression analysis, significant positive correlations with concentration in feathers were observed for Mn in kidney, Cd in liver and kidney, and Hg in muscle, liver, and kidney. Among these, correlations of Hg in muscle-feather and kidney-feather were highest, and Hg levels in feathers accounted for 71 and 79% of the variation of those in muscle and kidney, respectively. The regression equations enable us to predict Hg levels in muscle and kidney of birds on a population basis using the data of feathers without sacrificing the birds and, therefore, would be valuable in the risk assessment of Hg contamination to birds. Also, the results reported here would be useful for understanding the fate and potential effects of trace elements in seabirds.
